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Abstract
Adulteration of oils and fats is an important commercial issue, which needs 
intervention from regulatory agencies. Tremendous amount of research has been 
carried out during the past several decades to address this, starting from classical 
methods to more sophisticated instrumental techniques. Instrumental techniques 
based on chromatography and infrared spectroscopy have received particular 
attention from researchers worldwide since they are fast and efficient. Majority 
of the past studies suggested the use of assays based on fatty acids, triacylglycerol 
components, minor constituents, and spectral characteristics as they are really 
useful to determine the adulteration of food lipids. A discussion on the specificity 
and sensitivity of these assays in solving adulteration issues of oils and fats is 
timely. Hence, the purpose of this review is to present an update of the current 
literature in this topic and provide some directions for future research.
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Introduction
Food authentication has become an important aspect of food quality control. 
As there are numerous practices of fraudulent nature in the food sector [1], it 
has become highly essential to establish procedures to monitor food quality at 
various stages of production, processing and distribution. Fat and oil processing 
industry is no exception to fraudulent practices. There are many reported cases 
of adulteration practices for highly priced vegetable oils and fats such as virgin 
olive oil, cocoa butter etc. [1-4]. As extra virgin olive oil is a premium-product, 
which is short in supply and high in demand, there has always been temptations 
for its adulteration with cheaper oils [5] or other sub-branded olive products such 
refined olive oil and olive pomace oil [6]. This tendency has ultimately prompted 
many European olive-growing countries to impose high tariffs on cottonseed oil 
imports and adopt a common legislation to protect olive producers and consumers 
[7]. In recent times, coconut oil industry has shown lack of competitiveness with 
other major vegetable oils due to its ever-increasing cost of production. Palm 
olein on the other hand, is a much cheaper product to be imported for blending 
purposes and hence, coconut oil adulterated with palm olein are sold as ‘genuine’ 
product in many Asian countries.  
Animal body fats such as lard, beef and mutton tallow could find some 
applications in the food sector. They are cheap to be used as substitutes since 
voluminous amounts of animal fats are generated by the carcass industry [8]. 
Lard, for instance, was a major source of shortening in North America and other 
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Western European countries for a long time. Apart from its 
use as a component in food applications, deliberate mixing of 
lard in vegetable oils, fats and dairy products could be possible 
due to economic reasons [9-12].  Since lard and palm oil have 
some similarities with respect to chemical composition and 
physical characteristics [13], it could be mixed easily with 
palm oil. Seriburi & Akoh [14] demonstrated that mixing 
of lard with sunflower oil in different ratios could produce a 
variety of plastic shortenings. Lard has often been a potential 
substitute for dairy products like ghee [15] and butter 
[16] since it showed good compatibility to these products. 
However, mixing of animal fats with plant oils may not be 
desirable due to religious restrictions and negative nutritional 
perception regarding the consumption of animal fats. Hence, 
a great deal of research has gone into development of methods 
to authenticate food against the adulteration of animal fats.
Studies on food authentication issues have been 
conducted for the past several decades. As there has been 
a huge influx of information on food authenticity, many 
attempts were made time to time to present reviews on this 
area. As early as nineteen eighties, Rossell and co-workers 
[4] summarized different classical approaches for detection 
of adulterations in oils and fats. Rossell [17] also discussed 
the criteria for determining the purity of selected edible 
vegetable oils using both classical and modern instrumental 
approaches. As adulteration of virgin olive oil has always been 
an issue of increasing importance, there were several attempts 
to update the developments in the detection of adulterations 
in virgin olive oil [18-19]. In the recent past, Reid and co-
workers [20] presented a general overview on the applications 
of spectroscopic (mid infrared, near infrared, Raman spect), 
chromatographic (gas liquid chromatography and high 
performance liquid chromatography), and thermo analytical 
techniques (differential scanning calorimetry) on determining 
the authenticity of various kinds of foods. As the technological 
advancement in food authentication takes place at a faster 
rate, there is still a need for an updated review of the current 
literature with a specific focus on the quality assurance of oils 
and fats. Hence, this article is intended to present a review of 
the studies carried out on the applications of chromatographic 
and infra-red spectroscopic techniques on detection of 
adulteration in vegetable oils and fats. 
Different Analytical Approaches
Fatty acid analyses
Sseveral scientific investigations were carried out in the 
past to develop analytical methodologies based on fatty acid 
(FA) compositional data to detect and quantify adulterations 
in fats and oils [Table 1]. Fatty acid analysis by gas liquid 
chromatography (GLC) system equipped with a polar 
capillary column and flame ionization detector (FID) was 
useful to establish the purity of oils and fats. More recent work 
on oil authenticity has concentrated on the compilation of FA 
composition for various oils and fats. The Codex Committee 
on Fats and Oils which was established by the joint FAO/
WHO Codex Alimentarious Commission published FA 
composition ranges for typical commercial samples of bona 
fide fats and oils. However, it was recognized that these ranges 
were not definitive and hence, it had to undergo revision from 
time to time. This was due to the fact that FA compositional 
changes were possible based on varietal differences, differences 
in geographical origins, and the influence of seed maturity 
[21]. For the detection of adulteration, the relative abundance 
of individual FA in a given sample is needed to be cross-
checked with a reference FA data base. When the determined 
FA values of a sample deviates significantly from the range 
found in the reference, it could be suspected to have undergone 
adulteration. This approach has been useful to detect 
groundnut oil contamination with soybean oil [17], detection 
of either vegetable oils or animal body fats in ghee [22], as well 
as animal fat adulterations in palm kernel oil [8]. Selection of 
a marker fatty acid is an important step to detect adulterations 
in oils and fats. For instance, lauric acid was the marker to 
detect coconut oil adulteration in soybean oil, cottonseed oil 
and tallow as it did not occur in significant proportions in these 
oils. Occurrence of castor oil contamination in some vegetable 
oils was ascertained by means of ricinoleic or hydroxystearic 
acid content [23]. In another instance, 11, 14- eicosadienoic 
acid (C20:2) was the marker to detect lard adulteration in beef 
and mutton fat [12] though later investigations proved that 
the use of 11, 14- eicosadienoic acid (C20:2) as sole indicator 
to detect lard would not be reliable [24]. 
Generally, getting a positive indication of adulteration 
would become difficult, if the FA compositions of the 
contaminant and the original oil were closely similar. Most of 
the time, this remained as a challenge in several adulteration 
cases. In such instances, alternative strategies such as 
fractional crystallization of lipids, regio-specific analysis 
of FA using pancreatic lipolysis, FA ratio calculations and 
principle component analysis (PCA) of FA data have been 
adopted by investigators [7, 25]. When extra-virgin olive oil 
was adulterated either by refined olive oil or olive pomace 
oil, detection of adulteration especially at lower levels (< 5%) 
became quite difficult by mere comparison of the overall 
fatty acid data [26].  Detection of adulteration of olive oil 
with other seed oils (cottonseed, sesame, corn, and soybean) 
[23] and detection of lard in butter fat (ghee) were resolved 
using fractional crystallization [27]. Gamazo-Vazquez and 
co-workers [28] proposed to take oleic and linoleic acid 
ratio as the diagnosis parameter since detection of olive oil 
adulteration by other seed oils below 5 (%) became practically 
difficult. Interestingly, this approach enabled the detection 
of contamination of olive oil with sunflower oil at the lowest 
of 1% level. Similarly, Seo and co-workers [29] suggested 
to the use of stearic acid content in combination with the 
ratio between linoleic and oleic acid to detect sesame oil 
adulteration by corn oil. This method, however, could detect 
sesame oil adulteration only above 5% level. For detection 
of milk fat adulteration with foreign fats such as lard, tallow 
and palm oil, FA ratios C14:0/C18:2 and C18:2/C18:0 were 
used as parameters. For successful discrimination between 
pure milk fat and admixtures containing  more than 3% lard 
could be achieved by the application of linear-discrimination 
analysis to FA data [22]. In another case, Dourtoglou and 
co-workers [7] applied PCA to the total and region-specific 
FA data to discriminate pure olive oil from those adulterated 
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with corn, soybean, sunflower and cottonseed oils. According 
to this study, even samples adulterated at 5% level could be 
discriminated along with the possibility of knowing the type 
of the adulterant.
As lard is reported to have some unique pattern of FA 
substitution in its TAG structure, looking into positional 
distribution of FA within the glycerol backbone of the 
suspected lipid sample would be a more reliable approach to 
detect lard in food systems. This was tested to detect vegetable 
oil contamination with lard [25], to trace products, which were 
deep-fried in lard [30], as well as meat products contaminated 
with pork [11]. As lard in comparison to any other animal 
fat or plant oil would possess excessive amounts of palmitic 
acid in its sn-2 position [31], the percentage of palmitic acid 
content at the sn-2 position of lipids extracted from product 
contaminated with lard would also be high. The validity of 
this approach was even tested to differentiate genuine olive 
oil from those which were modified. According to Firestone 
and co-workers [6], determination of the percent palmitic 
and stearic acids at the sn-2 position of TAG molecules was 
helpful to distinguish genuine olive oil from esterified olive 
oil samples. However, this approach is laborious and time-
consuming since it involves several steps to achieve the results.
 Investigations were also carried out find biomarkers from 
isomeric forms of unsaturated fatty acids to detect adulterations. 
On several occasions, conventional GC systems coupled with 
FID did not have the capacity to resolve isomeric forms of 
unsaturated fatty acids. Hence, efforts were diverted to employ 
advanced version of GLC systems. While GLC hyphenated 
with mass spectrometer was found to give greater details of 
FA composition [32], comprehensive two-dimensional gas 
chromatography (GCxGC) was able to unravel the entire 
spectrum of individual components, including those which 
occur in lower abundance or in different isomeric forms [33]. 
According to some recent reports, these advanced forms of 
GC systems were able to distinguish lard from other animal 
fats [34, 35]. As these preliminary studies have been mainly 
focused on distinguishing lard from other animal fats, further 
investigation would be necessary to show their potential 
applications in detecting lard in complex lipid mixtures.
Triacylglycerol compositional analyses
TAG compositional analyses have been extensively 
explored as means of detection of adulterations in oils and fats 
[Table 1] [36]. The use of packed column GC to determine 
TAG compositions of lipid products helped to detect 
adulterations in milk fat [37] and cocoa butter [38]. In both 
of these, high temperature short columns were employed to 
develop equations incorporating the major TAG peaks to 
discriminate pure samples (milk fat and cocoa butter) from 
the adulterated ones. As these equations were meant to 
define pure milk fat, their use helped to detect non-milk fat 
adulterants present in milk products at 5% level with 99% 
confidence [37]. As genuine CB is comprised of only three 
major TAG species namely, POP, POS and SOS, a straight line 
relationship was found between C50 and C54 contents based on 
the natural variability of POP, POS and SOS [38]. According 
to this method, the minimum detection limit of cocoa butter 
equivalents in chocolate fat was 15% at 95% confidence limit 
[38]. Quantitatively, this method also helped to estimate the 
amount of cocoa butter equivalents in suspected samples of 
chocolate fat. TAG compositional analyses using GC fitted 
with high temperature columns were also employed to 
detect lard in food systems [39]. As lard was found to have 
six dominant TAG (C46, C48, C50, C52, C54, and C56) with C52 
being the major TAG [39, 40], C52/C38 ratio was found to be 
a sensitive index for detection of lard in butter fat [38]. After 
analyzing TAG composition of four different Canadian butter 
fats (ranging in iodine value from 34.8 to 39.1), Parodi [40] 
found that the lower limit of detection for lard in butterfat 
was 5 to 10%. 
With modernization, packed column GC system was 
largely replaced by high-temperature capillary column 
GC system due to rapidity in providing TAG profiles. The 
improved system was successful in detecting non-milk fat 
component in goat milk fat [41] as well as lard in ewe’s milk 
fat [42]. Fontecha and co-workers [41] employed a fairly high 
number of goat milk samples from five different herds of goats 
to develop a formula to define pure goat milk fat in terms of 
TAG composition. The formula was found to be useful to 
indicate deviations of goat milk due to 3 to 5% adulterations 
either by palm oil or tallow. According to Goudjil and co-
workers [42], use of capillary column GC system would be 
able to detect lard adulterations exceeding 5% in ewe’s milk 
fat based on the multiple linear regression equations obtained 
using the TAG composition of pure ewe’s milk fat and its 
adulterated blends [Table 1] [42]. In another study, Simoneau 
and co-workers [43] employed capillary GC column to 
detect plant based cocoa butter equivalents (CBE) in CB.  As 
TAG compositions of CBEs and CB were not identical, the 
differences between them was useful to detect the presence of 
the CBEs in confectionery products [43, 44]. In this method, 
plots of percentages of specific TAG of CB would help to 
identify deviations due to adulteration practices. As various 
plant fats exhibited different deviating values from those of 
CB, several plots were needed to provide optimal detection 
and quantification level [43].
Analysis of TAG composition by reversed-phase (RP) 
HPLC for detection of adulteration in oils and fats has seen 
another phase of development. The use of RP-HPLC in the 
detection of oil adulteration gained much attention due to ease 
of sample preparation as well as the natural variations in fatty 
acid composition do not affect the characteristic TAG profile 
of several oils and fats [45]. This approach was particularly 
useful for detection of adulteration of virgin olive oil with 
various seed oils rich in linoleic acid [45] as well as vegetable 
oils mixed with lard  [33]. In majority of the cases, vegetable 
oil adulterations with animal fats are generally found to cause 
some deviations mainly on the existing TAG molecular species 
of the TAG elusion profiles [36]. Adulteration of palm kernel 
oil with animal fats such as lard and beef tallow, however, was 
tend to cause additional TAG peaks visible even at adulteration 
level as low as 5% [36]. Kapoulas and Andrikopoulos [45] 
introduced a HPLC-method which enabled the detection of 
low levels of seed oils such as sunflower, soybean, cottonseed 
and corn oils as adulterants in olive oil. According to this 
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method, olive oil adulteration was detected using tri-
linoleoylglycerol (LLL) TAG peak as marker since it was a 
TAG almost absent in several olive oil samples. The validity 
of this approach was later tested by Antoniosi and co-workers 
[46] who used soybean oil as the potential adulterant in olive 
oil. The detection limit of this method was as low as 4%. 
On several occasions, HPLC detection of adulteration in 
olive oils became more difficult when the TAG composition 
of the adulterant was almost similar to that of main oil 
[47]. As canola oil is also characterized by high content of 
monounsaturated TAG, which was within the limits of olive 
oil, detection of canola oil in olive oil would become more 
difficult [47]. A similar situation was encountered in the 
case of olive oil adulteration with high-oleic sunflower oil. 
In such cases, alternative strategies were adopted to resolve 
the adulteration issues. Use of multivariate data analysis 
techniques such as PCA became inevitable to find solutions. 
Table 1: A summary overview of chromatographic methods used for detection of adulterations in food lipids.
Product Objective to detect Analytical technique Main results Ref. no.
Meat lipids of
fresh meat species and 
canned meat products   
Lard in meat lipids GLC coupled with FID detector to 
determine overall fatty acid data   
Presence of 11, 14- eicosadienoic acid (C20:2) indicated 
pork in meat products. Minimum detection was 1% (w/w)
[12] 
Milk lipids of cow and 
buffalo ghees
Lard in milk lipids GLC coupled with FID detector to 
determine overall fatty acid data   
Deviations in behenic (C22:0), oleic (C18:1), stearic 
(C18:0) and palmitic (C16:0) helped for detection. 
Minimum detection was 5% (w/w)
[27] 
Milk lipids of cow and 
buffalo ghees
Lard in milk lipids GLC coupled with FID detector to 
determine component unsaponifiable matter
Deviation in n-nonacosane concentration helped for 
detection. Minimum detection was 5% (w/w).
[15] 
Lipids of fried peanut, 
tempeh, chicken and beef
Fried oils contaminated with lard GLC coupled with FID detector to 
determine fatty acid data of the sn-2 position 
High value for palmitic acid enrichment factor was 
indicator of lard 
[30] 
Milk fat of cow and ewe Non milk fat mixed with milk fat GLC coupled with FID detector to 
determine overall fatty acid data   
C14:0/C18:2 and C18:2/C18:0 were sensitive 
parameters. Minimum detection 10% (w/w)
[22] 
Milk fat of cow and ewe Lard and palm oil in milk fats 
of cow and ewe
GC fitted with high-temperature 
capillary column to determine 
The deviation in M value of the model ∑ ai Ci = M + e 
using values of C42, C44, C48, C50, and C52 indicated 
adulteration. Minimum detection was 5% (w/w)
[42] 
Milk fat of goat Palm oil and tallow mixed in 
goat milk fat
GC fitted with short capillary column The deviation in M value of the model ∑ ai Ci = M + e 
using values of C42, C44, C48, C50, and C52 indicated 
adulteration. Minimum detection was 5% (w/w)
[41] 
Cocoa butter Plant fats in cocoa butter High resolution GC fitted with 
high-temperature capillary column
Quantification of added cocoa butter equivalence could 
be achieved down to a 5% (w/w). The identification of 
the nature of the foreign fat added was also possible.
[43] 
Milk lipids of butter Non-milk fat adulterants in milk Packed column GC to determine C52 content Minimum detection limit of 5% (w/w) was achieved [39, 40]
Milk lipids Non-milk fat mixed with 
milk fat
Packed column GC to determine TAG 
compositions
Minimum detection limit of 5% (w/w) was achieved [37] 
Cocoa butter Cocoa butter equivalents in 
chocolate fat
Packed column GC to determine TAG 
compositions
Minimum detection limit of 15% (w/w) was achieved [38] 
Vegetable oils of palm, 
Palm kernel, and canola 
Vegetable oils adulterated 
with lard
GLC coupled with FID detector to 
determine fatty acid data of the sn-2 position
CANDISC analysis of fatty acid data of the sn-2 position 
helped to discriminate oils contaminated with lard
[25] 
Meat lipids of
fresh meat species and 
canned meat products  
Lard in meat lipids HPLC coupled with RI detector to 
TAG profiling of samples
Significant increase in SSU/SUS ratio when pork was 
added 1% (w/w) into beef and 3% (w/w into mutton. 
[11] 
Vegetable oils of palm, 
Palm kernel, and canola
Vegetable oils adulterated 
with lard
TAG profiling of the lipids of
different vegetable oils using HPLC 
couples with RI detector
CANDISC analysis of TAG compositional data helped 
to discriminate oils contaminated with lard
[36] 
Virgin olive oil Linoleic rich seed oils in virgin 
olive oil
HPLC coupled with RI detector to 
TAG profiling of samples
Tri-linoleoylglycerol (LLL) TAG peak was identified as 
a good biomarker to detect olive oil adulteration
[45-46] 
Lipids of fried peanut, 
tempeh, chicken and beef
Fried oils mixed with lard HPLC coupled with RI detector to 
TAG profiling
The characteristic TAG profiling provided direct 
evidence for lard contamination in these products
[30] 
Olive oil Hazel nut oil in olive oil Reversed-phase liquid chromatography 
coupled to gas chromatography
(E)-5-methylhept-2-en-4-one was found to be a 
potential biomarker for the rapid recognition of olive 
oils adulterated with hazelnut oils
[53] 
Olive oil and butter Milk fat mixed with palm oil / 
olive oil mixed with sunflower oil
GLC coupled with FID detector to 
determine sterol compositional data 
Possible to detect the presence of sunflower oil in olive 
oil or of palm oil in milk fat, down to as low as 5% (w/w)
[54] 
Olive oil Olive oil adulteration by other 
seed oils
GLC analysis of sterols using polar 
capillary column
An olive oil authenticity factor based on the summation of 
campesterol and stigmasterol percentages was established 
as an indicator of olive oil adulteration with vegetable oils. 
The minimum detection limit was 5 % (w/w). 
[55] 
Extra virgin olive oil Adulteration of extra virgin 
olive oil with other seed oils
RP-HPLC with florescence detector The ratio of a-/(b+c)-tocopherol concentrationas a first 
screening marker of the authenticity of extra vergin 
olive oil was established.
[65] 
Dark chocolate Palm mid-fraction in dark 
chocolate
HPLC system with florescence detector a-tocotrienol was a potential biomarker to detect palm 
mid fraction in cocoa butter. Minimum detection limit 
was 5% (w/w)
[68-69] 
Abbreviations: CANDISC, canonical discrimination; MAG, monoacylglycerol, TAG, triacylglycerol; RI, refractive index.
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Application of PCA to TAG compositional data obtained 
by reversed-phase HPLC offer was found to be an effective 
way to discriminate pure olive oil from those adulterated with 
maize, rapeseed, cottonseed, sunflower, and soybean oils. It 
was possible to discriminate authentic olive oil samples from 
oil samples adulterated at 10% level and above [48-49]. 
Use of multivariate statistical approaches was also 
investigated for detection of lard in common vegetable oil such 
as palm oil, palm kernel oil, and canola. When discriminant 
analysis was performed to liquid chromatographic data of the 
adulterated samples, it was possible to discriminate vegetable 
oil samples adulterated with lard [36]. On another instance, 
plotting a graph using the linear relationship between LOO/
LOP and OOO/POO ratios as variables was found to be one 
of the effective methods of authentication of virgin olive oil 
from other sub-branded olive oils [49]. This became possible 
using a database of TAG compositions of various grades of 
commercial olive oils coming from major olive producing 
countries [49]. In this approach, deviations in genuine products 
could be pinpointed easily as lack of adherence to this line 
would mean that a sample was defective in some manner.
Minor component analysis 
Most vegetable oils and fats are generally found to 
contain some minor components as unsaponifiable matter. 
These minor components could be sterols, triterpene alcohols, 
or hydrocarbons such as n-eicosane, n-docosane, squalene, 
carrotinoids, etc [50]. Cholesterol is present as the minor 
component in majority of the animal body fats as well as milk 
fats [51]. Although researchers in the past have shown much 
interest to study minor components of oils and fat due to 
nutritional significance [52], their determination has helped 
for detection of adulterations. Sterol analysis, for instance, has 
been used for detection of vegetable fats in milk fat, margarine 
in butter, various seed oils in olive oil [53], and animal fats 
in vegetable fats [54]. Recently, Azadmard-Damirchi [18] 
presented a review on the use of phytosterols in the detection 
of olive oil adulteration with hazelnut oil, or other sub-branded 
olive products. 
According to conventional methods of analysis, the 
unsaponifiable matter of lipids is extracted and analyzed 
directly using GC systems as total sterols. This approach has 
greatly helped to handle adulteration of olive oil with other 
seed oils such as corn, sunflower, soybean and cottonseed 
oils. The usefulness of sterols analysis by GLC has been 
demonstrated to detect olive oil adulteration by other seed oils 
using thermo stable polar columns [55]. In majority of olive 
oils, campesterol, stigmasterol, β-sitosterol and Δ 5-avenasterol 
were found as major sterols that account for more than 95% 
of total sterols present. Interestingly, the relative proportions 
of these four sterols were found to be fitting into an equation 
as given below (Eq 1). The Af value of the majority of olive oil 
samples were in the range 19.7-25.45 with an average of 21.99 
± 1.65, while those of corn, sunflower, soybean and cottonseed 
oils were in the range 2.04-2.9. Hence, the addition of 5% 
of corn, sunflower, soybean and cottonseed oils tended to 
decrease the Af value of olive oil to 9.9, 13.5, 12.5 and 13.7. 
This kind of deviations in test samples may indicate possible 
adulteration in olive oil. However, this method might not 
be applicable to detect hazelnut and lampante oils since the 
relatively proportions of campesterol and stigmasterol in these 
two oils were extremely lower. 
Af = [100 – (Campesterol% + stigmasterol%)] / 
(Campesterol% + stigmasterol%) …………… (1)
Alternatively, sterol fraction may be isolated into individual 
component by using either thin layer chromatography or 
chromatography on a silica gel column and subsequently 
analyzed using GC either as free sterols or trimethylsilyl 
derivatives. For better accuracy, determination of free and 
esterified sterols in oils and fats can be done using either 
capillary GC after methanolysis or on-line coupled liquid 
chromatography-gas chromatography (LC-GC) [56]. The 
method of capillary GC followed by methanolysis could 
help reduce the total analysis time as it eliminates the need 
for saponification, extraction, and derivatization steps [54]. 
On-line coupling of LC-GC might offer rapid separation of 
free sterols in edible oils and fats since sample preparation 
can be integrated into the chromatographic procedure [57]. 
A detailed account of the developments in the analysis of 
sterols using on-line coupled LC-GC systems could be found 
elsewhere in the literature [58].  
 The possibility of detecting lard in ghee samples using 
cholesterol content as a marker was investigated [15]. As 
both cow and buffalo ghee samples had higher concentration 
of cholesterol in comparison to lard, decreasing trend in 
cholesterol content of admixtures was noticed with the 
increasing level of adulteration.  This method enabled 
detection of lard as low as 5% in admixtures of both cow 
and buffalo gees. However, Alonso and co-workers [54] 
proposed an alternative procedure for direct analysis of sterols 
after methanolysis, which effectively eliminated the need 
for extraction of the saponifiable matter.  This has been first 
tested to detect milk fat adulterations with palm oil, which 
is generally known to possess campesterol, stigmasterol, and 
β-sitosterol in higher proportions. As milk fat is usually found 
to contain higher concentration of cholesterol, a quantitative 
comparison between the chromatograms of the authentic 
sample and its admixtures would indicate either a reducing 
tendency in cholesterol or additional peaks appearing due to 
the presence of plant sterols originating from palm oil. Apart 
from showing a good repeatability, this method was claimed to 
be more rapid in comparison to other methods. 
Analysis of hydrocarbons in plant and animal lipids 
has been the interest of researchers for many reasons. 
Determination of squalene, for instance, could be particularly 
useful for the detection of adulteration in olive oil, as it occurs 
in abundance in olive oil compared to any other vegetable oil 
[59]. The conventional methods of squalene analysis involve 
multi-steps, namely the isolation of the unsaponifiable 
matter, the fractionation of it into several sub-classes, and 
their subsequent analysis by GC. According to the European 
Union official methods [60], squalene can be determined 
simultaneously with waxes using a short capillary column 
coated with a low-polarity phase. Analysis of hydrocarbons in 
the unsaponifiable matter has also been useful to detect either 
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lard or margarine in cow and buffalo ghees [15]. As lard was 
found to have a very high concentration of n-nonacosane in 
comparison to ghees of cow and buffalo, it could be used as 
parameter to detect adulterations in both cow and buffalo 
ghees at the minimum of 5% (w/w). On the other hand, 
n-dotriacontane could be used as a marker to detect the 
presence of margarine in ghee since it did not occur as a minor 
constituent in ghee originated from either cow or buffalo milk. 
Inclusion of a set of hydrocarbons and sterols as standards as 
well as a check on the detection limit using proper statistical 
techniques were merits of this study. 
Analysis of carotenoids could also be made use for 
authentication of oil and fats. Being a group of pigments in 
certain oils and fats, (all-E)- α- and (all-E)–β-carotene, (all-
E)-lutein, and (all-E)-zeaxanthin are reported as the most 
dominant constituents of this group. Analysis of carotenoids 
in lipids is usually carried out either by spectrophotometry or 
HPLC system using UV detector. Recently, Franke and co-
workers [61] made a comparison between photometric and 
liquid chromatographic determinations of total carotenoid 
contents in selected seeds, their oils as well as the press cakes 
of them. In certain cases, carotenoid contents by photometric 
method were significantly higher than those obtained by 
HPLC method. Unlike the HPLC method, the calculation 
of carotenoid content by using photometric method is done 
according to absorbance maximum at 446 nm for the whole 
group of carotenoids though some of them might show 
slight differences in absorbance maxima. Hence, there could 
be a possibility for an over-estimation of total carotenoid 
content by photometric method. Apart from their significance 
as precursor in the  biosynthesis of Vitamin A as well as 
protective agents against carcinogenesis, they are also useful as 
biomarkers to detect adulteration in some food lipids. Among 
the lipids originating from plants, palm oil is well-known to 
possess high concentration of carotenoids while coconut oil 
does not possess any of the carotenoids in significant amounts. 
Hence, the determination of β-carotene was found to be 
helpful to detect  coconut oil adulteration with palm olein 
[62]. 
Tocopherols are yet another class of minor components 
used for quality assurance of oils and fats. Soybean, wheat germ, 
canola, peanut, and cottonseed oils are some of the richest 
sources of tocopherols, of which α, β, γ, and δ-tocopherols are 
the important constituents. Apart from being an oil with high 
amount of tocopherols, palm oil is used to have still another 
group of minor compounds known as tocotrienols. Analysis 
of tocopherols present in oils and fats could be easily done 
using HPLC system equipped with normal-phase column 
and a florescence detector [63]. However, HPLC systems 
equipped with reversed-phase column (RP-HPLC) and UV 
detection were also found to give good results [64]. According 
to some recent reports, RP-HPLC also has the advantage 
of faster chromatographic runs, faster equilibration time 
and better reproducibility of retention times [65]. In certain 
cases, better efficiency in separation was achieved through 
purification of oils using gel permeation chromatography 
as well as detection by evaporative light scattering detector 
(ELSD) [66]. The usefulness of tocopherol analysis has been 
demonstrated  for detection of extra virgin olive oil (EVOO) 
with other seed oil [65], milk fat adulteration with vegetable 
fats [54, 67], sunflower oil with groundnut oil [17], and butter 
with margarine. For authentication of EVOO, calculation of 
the ratio of a-/(b+c)-tocopherol concentration by measuring 
tocopherols (a-, (b+c)- and d-tocopherols) in EVOO and 
adulterated samples with RP-HPLC was found to be useful. 
According to some recent reports, the presence of palm mid 
fraction in CB as low as 5% (w/w) could be monitored by 
using HPLC analysis of α-tocotrienols [68-69]. 
Authentication methods based on the composition of 
minor constituents of oils has to be applied cautiously as 
changes in the proportions of tocopherol and carotenoid 
contents could be possible due to bleaching and deodorization 
activities. While bleaching earth could adsorb part of the plant 
pigments, deodorization might cause thermal deterioration 
of them [61]. Apart from this, natural decomposition of 
tocopherols might also be possible during the storage due to 
the influence of light, oxygen, and temperature [63]. Hence, 
these factors should be taken into account while interpreting 
analytical results in authentication studies.
Mid-Infrared spectroscopic analyses
In recent years, FTIR spectroscopy has emerged as a 
major analytical technique for a wide range of food analyses. 
It has become an attractive option because of its high speed in 
analysis and ease of operation.  Considerable efforts have been 
made so far to use this technique to detect adulterations in oils 
and fats. In the early nineteen nineties, FTIR spectroscopy has 
been employed to characterize of pure vegetable oils [70, 71], 
butters fat, and margarines [72] to distinguish between plant 
oils and lard [71] as well as lard and other animal fats [73]. All 
these studies concluded that the mid-IR spectra of most oils 
and fats were apparently similar despite some dissimilarities in 
spectral features of certain regions. The observed differences in 
spectral characteristics were due to molecular compositional 
and structural differences such as degree of unsaturation and 
chain length, monounsaturated to polyunsaturated acyl group 
ratio, variations in trans fatty acid content among the oils [70-
72]. These differences were subsequently exploited to check 
adulteration practices in oils and fats [74]. A summary of the 
several studies reported on the detection of adulteration in 
vegetable oils, namely canola oil, corn oil, cod-liver oil, extra 
virgin olive oil, soybean oil, and sunflower oil has been given 
in Table 2. 
Depending on the nature of the adulteration, various 
approaches have been used by researchers [Table 2]. For 
detection of lard adulteration in beef fat, goat fat, and chicken 
fat, spectral changes in four frequency regions have been 
considered: (A): 3009 - 3000, (B): 1418 - 1417, (C): 1116 - 
1098 and (D): 968 - 966 cm-1. In this case, the variations in the 
spectral properties have been exploited to develop predictive 
models for quantification of lard by using simple regression 
[73]. As the mid-IR spectra of majority of oils and fats are 
apparently similar, several researchers employed chemo metric 
techniques such as discriminant analysis to exploit subtle 
differences in the spectra. This approach has been successfully 
applied to helped differentiate extra virgin olive oil from other 
seed oils [5], pork from other meat species [10], cocoa butter 
from cocoa butter mixed with other vegetable fats [75], cod-
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liver oil from cod-liver oil mixed with lard [76], and lard from 
lard mixed with beef fat, goat fat, and chicken fat [77, 78]. 
According to the overall findings of these studies, the finger 
print region (1500–1000 cm-1) would be most appropriate to 
be used in discriminant analysis methodology to differentiate 
pure oils from their admixtures containing lard or any other 
plant oil [79]. However, some other studies differed from this 
view point as they made use of the dissimilarities in the spectral 
bands of other regions of the spectrum. Vasconcelos and co-
workers [74] showed that 3007, 2922, 2853, 1754, 1160, and 
1117 cm-1 were best suited to differentiate extra virgin olive 
oil from those adulterated peanut oil while Dominguez-vidal 
and co-workers [80] indicated that the strongest contribution 
to differentiate extra virgin olive oil from high-oleic sunflower 
oil came from 3010, 2920, and 2852 cm-1. Rohman and co-
workers [81] used the entire frequency region (4000–600 
cm-1) to deal with adulteration of red fruit oil with corn and 
soybean oil mixture.
For estimation of the proportion of adulterant 
quantitatively, application of partial least square (PLS) 
methodology was considered in majority of the cases to select 
the most suitable spectral regions showing best correlations 
between FTIR spectra and the concentration of the analyte(s) 
of interest [82]. However, some other researchers pointed out 
that application of PLS regression was required for the entire 
finger print region (1500–900 cm-1) for the quantification of 
the adulterant [77, 78, 81]. They insisted that same approach 
was still required to determine lard adulteration level in lipids 
extracted from product such as cake [83], chocolate [84], 
biscuits [85], etc. At times, semi-quantitative approaches were 
proposed to estimate lard content in the lipids extracted from 
these products since steady changes in absorbance values were 
noticed in different regions of the spectra with the increasing 
proportion of lard. For instance, increasing lard content in cake 
formulation caused a decreased in absorbance values of spectral 
peaks in the frequency region of 990–950 cm-1. This could 
be probably due to the fact that shortening used in the cake 
Table 2: A summary overview of infrared spectrometric methods used for detection of adulterations in food lipids.
Product Objective Method Wavenumber Main results Ref. no.
Meat lipids of
fresh meat species and 
canned meat products   
To differentiate meat lipids of 
different animal species
FITR spectroscopy with ATR 
element and PCA analysis 
1800 – 1000 cm-1 PCA application for FTIR data 
helped to distinguish pork from 
chicken and turkey
[10] 
Fresh Animal body fats 
(Lamb, cow, and chicken)
To differentiate meat lipids of 
different animal species
FITR spectroscopy with simple 
regression analysis 
3008 – 3000, 1418 – 
1417, 1385 – 1370, 1126 
– 1085, 968 – 965 cm-1
Able to differentiate lard from meat lipids 
of different animal species. Regression 
models were useful to quantify lard 
contamination in these lipids
[73] 
Fresh Animal body fats 
(Lamb, cow, and chicken)
To differentiate meat lipids of 
different animal species
FITR spectroscopy with deuterat-
ed triglycine sulfate detector and 
PLS regression analysis 
3010 – 2000, 1220 – 
1095, 968 – 965 cm-1
PLS models were useful to quantify 
lard contamination in these lipids
[78] 
Fresh Animal body fats 
(Lamb, cow, and chicken)
To quantify the proportion of 
lard contamination in meat lipids 
FITR spectroscopy with PLS 
regression and discriminant analysis 
3300-700, 1, 500 - 
900 cm-1
PLS models were useful to quantify 
lard contamination in these lipids
[77] 
Cake lipids To quantify the proportion of 
lard contamination in cake lipids
FITR spectroscopy with ATR 
element and PLS regression analysis
1117 – 1097, 990 – 
950 cm-1
PLS models for quantification of lard 
with a minimum detection of 4 % (w/w)
[83] 
Chocolate and its 
products
To quantify the proportion of lard 
contamination in chocolate lipids
FITR spectroscopy with ATR 
element and PLS regression analysis 
4000–650 cm-1 PLS models for quantification of lard 
with a minimum detection of 3 % (w/w)
[84] 
Cod liver oil To quantify the proportion of lard 
contamination in cod liver oil
FITR spectroscopy with ATR and 
PLS regression analysis 
1035 – 1030 cm-1 PLS models for quantification of lard 
with a minimum detection of 1% (v/v)
[76] 
Some vegetable oils 
(Canola oil, corn oil, 
extra virgin olive oil)
To quantify the proportion 
of lard contamination in the 
vegetable oils
FITR spectroscopy with ATR and 
PLS, PCR, and DA 
1500–1000 cm-1 PLS models for quantification of lard 
with a minimum detection of 1% (v/v)
[79] 
Extra virgin olive oil To quantify the proportion of 
refined olive oil and walnut oil 
in extra virgin olive oil
FITR spectroscopy with ATR and 
PLS regression
3100–2800, 
1800–1000 cm-1
PLS models for quantification of 
walnut oil in extra virgin olive oil with 
a minimum detection of 5% (v/v)
[82] 
Biscuit lipids To quantify the proportion of 
lard contamination 
FITR spectroscopy with ATR 
element and PLS-DA regression 
analysis 
3050–2800, 
1800–1600, and 
1500–650 cm−1
Cooman plot showed that vegetable 
fats/oils and animal fats were 
clustered into distinct groups
[85] 
Cocoa butter To differentiate cocoa butter and 
cocoa butter equivalents
FITR spectroscopy with principle 
component analysis
4000–600 cm-1 Application of principle component 
analysis was able to distinguish between 
cocoa butter and cocoa butter equivalents
[75] 
Red fruit oil To quantify the proportion of 
either corn oil or soybean oil 
contamination 
FITR spectroscopy with ATR ele-
ment and PLS regression analysis 
4000–600 cm-1 PLS models for quantification of either 
corn oil or soybean oil in red fruit oil
[81] 
Extra virgin olive oil To differentiate extra virgin olive 
oil from adulterated samples 
and quantify the proportion of 
adulterant
FITR spectroscopy with ATR 
element and PCR and PLS regres-
sion analysis
3007, 2922, 2853, 
1754, 1160, and 
1117 cm−1
Able to differentiate between pure EVOO 
and EVOO adulterated with 5% V/V
[74] 
Fish packing oils To differentiate extra virgin olive 
oil from high-oleic sunflower oil
FITR spectroscopy with ATR 
element and PLS-DA regression 
analysis 
3030–2800 cm-1 Able to discriminate olive oil from 
high oleic-sunflower oil.
[80] 
Abbreviations: ATR, attenuated total reflectance; PCA, principal component analysis; PLS, partial least square; PCR, principle component regression; DA, discriminant analysis.
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formulation had high trans fatty acid content [83]. However, 
this particular frequency region has not been found to be useful 
for lard detection in chocolate as genuine cocoa butter was not 
found to possess any trans fatty acid content [84]. Because of 
this reason, the PLS calibration model to quantify lard content 
in chocolate was developed on the basis of spectral data in the 
entire frequency region 4000–650 cm-1. These findings clearly 
showed a common region could not be used to run the PLS 
regression for quantification of lard content in lipids extracted 
from different food products. Instead, spectral regions suitable 
for quantification of adulterant needs to be selected based on 
the differences in sample matrix.
Future prospects
In the recent literature, there are several reports on the 
use of modern techniques such as FT-NIR spectroscopy 
[86, 87], 1H and 13C nuclear magnetic resonance (NMR) 
spectroscopy [88], FT-Raman spectroscopy [89], isotope 
ratio mass spectrometry [90] for the detection of various food 
adulteration practices. FT-NIR spectroscopy, for instance, has 
already been recognized for its uses in the measurement of 
adulterations in milk fat [86], olive oil [87], etc. Likewise, the 
potential applications of FT-Raman spectroscopy in detection 
of virgin olive oil adulterations by pomace, soybean, and corn 
oils have also been highlighted [89]. As 13C NMR has been 
recognized as a valuable tool for analysis of the most abundant 
fatty acids of various oils, there has been a growing interest 
among researchers to use it to detect adulterations of virgin 
olive oil [88]. However, the literature on the use of these 
modern analytical techniques for detection of animal fats in 
food systems, plant fats in cocoa butter or milk fat is limited. 
Hence, there is much scope to expand the investigations on 
lipid adulterations in new directions.
Concluding Remarks
This review highlighted the developments on the use 
of analytical techniques such as GLC, HPLC, and FTIR 
spectroscopy to control adulteration practices in food lipids. 
As the nature of the FA and TAG compositions of lipids and 
their adulterants vary drastically, devising generalized criteria 
for purity determination is a challenging task. However, 
establishment of comprehensive data bases giving acceptable 
ranges of FA and TAGs of individual lipids prone to 
adulteration would be essential for regulatory purposes. There is 
an increasing trend to use chemo metrics techniques to analyze 
the FA and TAG compositional data either for differentiating 
genuine products from adulterated ones or for estimation 
of the level of adulteration. Chromatographic techniques 
have also given several successes to detect adulterations in 
food lipids by monitoring cholesterol and phytosterols as 
biomarkers. When compared to chromatographic techniques, 
Mid-IR spectroscopy is an attractive option for detection of 
adulterations in oils and fats due to the speed of analysis, and 
minimal sample preparation. Since adulteration in oils and 
fats could bring about deviations in different spectral regions 
of vegetable oils, discriminant analysis methodology could be 
able to differentiate adulterated ones from real samples. For 
this purpose, selecting the finger print region of the spectra 
has yielded considerable success in majority of the cases. 
For quantitative estimation of the adulteration, PLS based 
calibration models have been considered in majority of the 
cases. However, a PLS model developed for a particular oil 
might not be applicable to some other oils. Hence, there is a 
need to develop PLS models for individual food system using 
different spectral regions. 
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